caused by both excessive circulating levels of catecholamine and substantial local release of norepinephrine leading to overstimulation of myocardial beta-receptors. [8] [9] [10] The appearance of cardiac dysfunction in SAH, has been reported to be associated with poor neurological outcome. 11 Early release of cardiac biomarkers is associated with increased risk of cardiopulmonary complications, delayed cerebral ischemia, and death or poor functional outcome at discharge. 12 The reported frequency of elevated cardiac troponin at admission is 20%-40% 13, 14 and the reported prevalence of LV dysfunction ranges from 8% to 27% in SIC. 1 Conventional two-dimensional (2D) echocardiography has been the method of choice for the evaluation of global and regional LV function in this group of patients. However, assessment of regional wall motion abnormalities requires extensive experience and there is a substantial inter-observer variation. 15 A new echocardiographic method for the determination of myocardial deformation, speckle tracking echocardiography, has been introduced for the detection of LV dysfunction. 16 This method allows the evaluation of myocardial deformation (strain). Myocardial deformation during systole is expressed as the relative shortening of segment length during systole. This imaging technique has been shown to have clinical utility in several settings. 16, 17 Particularly, global longitudinal strain (GLS) has been demonstrated to be more sensitive than conventional 2D
echocardiography for the detection of global systolic dysfunction in critically ill patients. [18] [19] [20] The aim of the present study was to compare the diagnostic performance of conventional-vs 2D-speckle tracking echocardiography to detect myocardial injury, as frequently is seen in patients with SAH. We tested the hypothesis that the performance of speckle tracking echocardiography (STE) to detect myocardial injury is superior to conventional echocardiography.
| METHOD S

| SAH study group
This observational study was approved by the Regional Ethical
Review Board in Gothenburg. Data from patients included from The inclusion criteria were aneurysmal SAH and age ≥18 years. 
| Echocardiography
A transthoracic 2D echocardiographic examination was performed within the first 48 hours after admission in ICU with a 5-MH transducer (Vivid E9, General Electric Medical System, Horten Norway).
The following echocardiographic views were recorded over three 
Editorial Comment
Myocardial dysfunction is a common and challenging clinical problem in patients with subarachnoid hemorrhage.
This study shows that the newer, more advanced, and in other patient groups more sensitive method of speckletracking echocardiography does not have better diagnostic performance in detecting global systolic dysfunction in this patient group compared to conventional echocardiography.
myocardium. The quality of tracking was assessed in two steps.
The first was a visual assessment of the correctness of tracking for each segment. The software has an algorithm that automatically performs a tracking quality evaluation for each segment. However, a conflict between the visual assessment of tracking quality and the automated assessment is relative common. Therefore, the second step was to analyse the curves presented for each segment.
Efforts A frame rate of 58 ± 3 frames/sec was obtained for the LV strain analysis. Impaired GLS was defined as a GLS value >−15%. 23 Two cut-off values for detection of abnormal RLS was used: a RLS value >−15% (more liberal) or a RLS value ≥ −11% (more conservative), in at least two adjacent segments.
| Biomarker analysis
Blood samples for high-sensitive troponin-T (hsTnT) and N-terminal pro B-type BNP (NT-proBNP) were obtained on arrival to the NICU and for three consecutive days thereafter. The coefficient of variation for analyses of hsTnT and NT-proBNP were 3.4% and 3.8%, respectively. 24 In the present study, we defined myocardial injury as a hsTnT value ≥90 ng/L. This was based on a previous study in >100 patients, where the best cut-off value of hsTnT in diagnosing myocardial dysfunction after SAH was 90 ng/L, with 100% sensitivity, a specificity of 83% and an area under the receiving operator characteristic curve of 0.92. 25 
| Statistical analysis
Continuous normal or non-normal variables are presented as mean
±SD and median (interquartile range), respectively. T-test and
Mann-Whitney U-test were used to compare means and medians. 3 | RESULTS
| Study population
Verified aneurysmal SAH by angiography was seen in 166 of the 194 patients treated in the ICU for suspected SAH. Echocardiographic examination was not performed in 53 patients for logistic reasons (enrolment failure). Twenty-three patients were not included due to poor image quality and seven patients were excluded due to concomitant cardiac disease. Ten patients were diagnosed with clinical brain death and two had traumatic SAH. Seventy-one patients were included in the study. The time to echocardiographic examination was 26 ± 16 hours after ICU admission. Figure 1 shows a typical strain and wall motion pattern in a patient with SAH and elevated hsTnT. Figure 2 shows the correlation of GLS to LVEF (r = 0.62, P < 0.001). Four patients (6%) with an EF ≥50% had impaired GLS. Figure 3 shows the distribution of hsTnT related to the presence of RWMA, reduced LVEF, GLS and RLS.
| Characteristics of the patients with vs without myocardial injury
Subarachnoid haemorrhage patients with myocardial injury were more likely to be female, be on mechanical ventilation, be treated with vasopressors), have a higher WFNS score on arrival and to have higher levels of NTpro BNP compared with patients with low levels of hsTnT (Table 1) .
Subarachnoid haemorrhage patients with myocardial injury had a higher incidence of LVEF <50%, a higher LV end-systolic volume and a lower stroke volume (Table 2) Subarachnoid haemorrhage patients with myocardial injury had a lower longitudinal strain in the LV 4-chamber-, long axis-and 2-chamber views and a lower GLS (Table 3) . Ten patients (56%) with an elevated hsTnT ≥90 ng/L had GLS ≥ −15%, while two of the patients (4%) with hsTnT <90 ng/L had a GLS ≥ −15%. Speckle tracking analysis of 1253 segments identified 288 segments with impaired longitudinal systolic strain. Seventeen (94%) and 10 (56%) patients with elevated hsTnT ≥90 ng/L had abnormal RLS ≥ −15%
or ≥ −11%, respectively. In patients with hsTnT <90 ng/L, 25 (47%) and 10 (19%) patients had abnormal RLS ≥ −15% or ≥ −11%, respectively (P < 0.001).
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| Detection of myocardial injury by conventional and by strain echocardiography
The sensitivity, specificity, positive and negative likelihood ratio of a EF <50%, a GLS ≥ −15%, presence of RWMA and RLS ≥ −15% or ≥ −11% in at least two adjacent segments, to detect myocardial injury are shown in Table 4 . RWMA, LVEF and GLS had comparable high specificity and ability to rule in increased hsTnT. The sensitivity was low and the parameters could not rule out increased hsTnT. RLS ≥ −15% had a poor specificity but a high sensitivity and could therefore not rule in but rule out myocardial injury. RLS ≥ −11% had the lowest diagnostic performance.
| Inter-and intra-observer variability
The kappa coefficient for inter-observer variability of RWMA was 0.9. The mean coefficient of variation for intra-observer agreement for paired observations of GLS was 7.5%. The corresponding value for inter-observer agreement was 6%. The median (IQR) coefficients of variation of inter-and intra-observer variability for RLS of the 18 segments were 20.2% (18.3%-24.5%) and 22.3% (15.0%-30.0%).
| DISCUSSION
The rationale for the present observational methodological trial was to evaluate whether the new diagnostic imaging technique, speckle tracking echocardiography (STE), was superior to conventional echocardiography for detection of myocardial injury in SAH patients.
The main finding of this study was that the diagnostic performance of GLS was comparable to those of RWMA and LVEF. Furthermore, assessment of regional dysfunction using the speckle tracking method (RLS) is limited by low specificity and reproducibility and should not be used in the detection of myocardial injury in patients with SAH.
It has been suggested that STE is a more sensitive method to detect LV dysfunction compared to conventional echocardiography.
Thus, in an experimental large-animal model of sepsis and in paediatric and adult patients with severe sepsis or septic shock, STE detected LV dysfunction despite preserved EF ≥50%. [18] [19] [20] 27 This could not be verified in the present evaluation of SAH patients, as there was a relatively close correlation between EF and GLS and that only 6% of the patients with a EF ≥50% had an impaired GLS ≥ −15% (Figure 2 ). In a recent study, Cinotti et al 28 compared conventional echocardiography to STE in a highly selected group of 46 patients with SAH. They demonstrated that 37% had severe GLS impairment, which should be compared to 17%, as shown in the present study.
This difference could be explained by the fact that they included only patients with severe SAH (WFNS grade ≥III), with a high risk of developing myocardial injury. Forty patients (87%) had WFNS grade IV to V, in their study, compared to 30% in the present study, in which we consecutively included all patients with verified SAH regardless of severity. Cinotti et al 28 suggested that GLS allows a more sensitive detection of LV systolic impairment in SAH patients with preserved EF, but they did not report the proportion of patients with preserved LVEF that had impaired LV GLS and they did not assess the diagnostic performance of GLS to detect myocardial injury. Furthermore, they assessed regional wall motion using RLS, presenting data on neither the diagnostic performance of RLS to detect myocardial injury nor the intra-and inter-observer variability of RLS.
In contrast to patients with the Takotsubo syndrome, who usually present with apical ballooning, 29 patients with myocardial dysfunction after SAH may have RWMA involving basal, mid-ventricular, as well as, apical segments. 5, 13, 30 Two-thirds of the segments with RWMA were localised in the mid-ventricular followed by 30% in the apical and only 3% in the basal portion of the LV (Figures 1 and 4) . This is in contrast to the study by Tanabe 23 We therefore used a cut-off value of −15% in the present study, supported by the findings in a group of healthy controls obtained by our own laboratory 20 and by the meta-analysis of Yingchoncharoen et al 33 As there are no reference values for RLS in current recommendations, we arbitrarily set the cut-off for abnormal RLS to ≥ −15% or ≥ −11%. The latter cut-off value we used, was supported by the report of Kusunose et al, 34 who demonstrated in patients with myocardial infarction that the best cut-off value for RLS by STE to detect RWMA was ≥-11%. To take a more conservative approach and to avoid overestimation of the number of segments with pathologic RLS, we decided to accept as pathological only segments from examinations which showed that ≥2 adjacent segments had impaired systolic strain (≥ −15% or ≥ −11%). In spite of that, we found that the diagnostic performance of RLS was poor.
The main reason for this is probably methodological limitations.
However, in a disease process with regional suppression of contractility we can expect that these segments due to tethering forces could falsely reduce the longitudinal strain in adjacent segments. This could increase the number of segments with reduced strain and contribute to the lower specificity.
One limitation is that, in this population of SAH patients, 44% required sedation, fluid treatment and mechanical ventilation with various degrees of positive-end expiratory pressure (PEEP). In addition, 42% were treated with norepinephrine. This multimodal intensive care therapy would probably affect our data on global and regional LV performance, as assessed by STE, in addition to the disease process itself. Mechanical ventilation decreases cardiac chambers' volume and preload, 35 which, together with fluid treatment, would affect LV strain, as it has been shown that LV strain is preload-dependent. 36 Furthermore, myocardial beta-1-adrenergic receptor stimulation with norepinephrine would increase LV strain, 37 while, on the other hand, a norepinephrine-induced increase in afterload, would potentially decrease LV strain.
In conclusion, we found that the ability of LV GLS to detect myocardial injury, were comparable to RWMA and LVEF. The reproducibility of RLS assessment was unacceptably low and the presence of impaired RLS could not reliably detect myocardial injury, suggesting that RLS should not be used in the detection of myocardial injury in patients with SAH. hsTnT, high sensitive troponin T; EF, ejection fraction; GLS, global longitudinal strain; RWMA, regional wall motion abnormality; RLS, regional longitudinal strain.
a Not possible to calculate due to 100% specificity.
